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has probably been formed as an intermediate.14 Be­
cause of the strain and steric protection of the cyclo-
butadiene ring by the isopropyl groups, the cyclobuta-
diene isomers shown above may be formed before 
insertion of a carbonyl group (to give tetraisopropyl-
cyclopentadienone) or of another diisopropylacetylene 
moiety (to give hexaisopropylbenzene) can occur. 
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Gas Chromatographic Separation 
of the Hydrogen Isotopes1 

Sir: 

Considerable interest has been shown in the gas 
chromatographic separation of the six molecular species 
of hydrogen: H2, H D , D2, HT, DT, and T2. The 
most recent work was summarized by Carter and Smith2 

and by King.3 Since previous work was done at low 
levels of tritium, it was of interest to see whether com­
parable results could be obtained at higher tr i t ium con­
centrations where radiation effects might impair sepa­
ration factors. Glueckauf reported a decrease in the 
separation factor of radiokrypton and radioxenon 
with increasing radioactive power.4 

Separation of the six hydrogen molecular species in a 
mixture tha t contained 2.4 c. of tr i t ium is shown in Fig. 
1. The column, ferric oxide coated alumina at 770K., 
was similar to tha t described by Carter and Smith 
and by King. Separation factors calculated from this 
chromatogram and compared with those of Carter and 
Smith ( ~ 0 . 5 mc. of trit ium) and King ( ~ 7 0 mc. of 
tritium) show no significant effect from the tritium radia­
tion. 

The separation factors in Table I were calculated in 
the manner described by Carter and Smith, viz. 

«1,S = d2/di 

where d2 and d\ represent the distances from zero time 
to the peak maxima for respective components on the 
chromatograms. Direct comparison of separation fac­
tors defined in this manner is complicated by the de­
crease in retention times for peak maxima with in­
creasing amounts of components, even for nonradio­
active components. These decreases result from curva­
ture of the sorption isotherms. The concentration 
dependence is particularly noticeable when comparing 
the separations of the five other species from H2 in 
Table I, The higher separation factors reported by 
Carter and Smith are at tr ibutable to the shorter reten­
tion time for the H2 peak as a consequence of increased 

(1) T h e in format ion con ta ined in this paper was developed du r ing the 
course of work under C o n t r a c t AT(07 -2 ; - l with t he U, S. Atomic Knerjry 
Commiss ion . 

(2) K. H, C a r t e r and H. A. S m i t h . J. Phys. Chem.. 67, 1.H2 (1963). 
(3) J. K i n s , ibid., 67, 1397 (1963). 
(4) K. Glueckauf, Ami. X. Y. Acad. .Set'.; 72, 562 (1959). 
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Fig. 1 .—Chroma tog ram of 5-cc. s ample of hydrogen i so topes . 

H2 content of their sample (see Table I I ) . When 
allowance is made for the effects of gross compositional 
differences, good agreement is observed between the 
separation factors derived by all three experimenters. 
In no case was there indication tha t the tritium radia­
tion level had significantly affected the separation 
factor. 

TABLE I 

COMPARISON OF SEPARATION FACTORS FOR 

HYDROGEN SPECIES 

OC 

H D/H 2 

H T / H , 
D2/H2 

DT/H 2 

T2 /H2 

H T / H D 
D 2 /HD 
D T / H D 
Tj /HD 
Di /HT 
D T / H T 
T 2 /HT 
DT/D 2 

T 2 /D, 
T , / D T 

T h i s 
work 

1,09 
1,20 
1,26 
1,45 
1,66 
1.10 
1.15 
1.33 
1.52 
1.05 
1.21 
1.38 
1,15 
1.32 
1.14 

King> 

1.13 
1.23 
1.38 

1.68 
1.09 
1.22 

1.48 
1.12 

1.30 

1.22 

C a r t e r and 
S m i t h 2 

1,22 
1,42 
1,49 
1.85 
2.08 
1.22 
1,17 
1,52 
1.71 
1.05 
1.30 
1.47 
1.24 
1.40 
1.13 

TABLE II 

COMPOSITION OF SAMPLES FOR 

HYDROGEN ISOTOPE SEPARATIONS 

C o m p o n e n t 

H2 

HD 
HT 
D2 

DT 
T2 

Total sample, 
Total activity 

" At STP. * 
in ref. 2 and 3, 

CC. 

C. 

Th i s 
work 

0.025 
0.48 
0.12 
2,8 
1,4 
0.16 

4.985 
2.4 

Concentrations 
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King' ' 

0.09 
0.08 
0.03 
0,08 
— 

0.01 

0.29 
0.07 

estimated 

Co. 

from 

A. 

• 

C a r t e r and 
Smi th 6 

1.6 
0.7 

10-4 

1.0 
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3.3 
0.0005 
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1-Ethoxyphosphole 1-Oxide1 

Sir: 

We wish to report the synthesis of the very reactive 
heterocyclic phosphinic acid ester, 1-ethoxyphos-
phole 1-oxide (I) .2 , 3 The ester dimerizes too readily 
to allow its isolation, but it has been identified by its 
ultraviolet spectrum and by trapping it as a Diels-
Alder adduct with cyclopentadiene. The synthesis 
from l-ethoxy-2-phospholene 1-oxide4 is given below. 

Br N(CH3)2 

fi~\ NBS fi~\ (CH3)2NH // ~ 

•p- ~p Np 
O^ ^OCaHs O^ XOC2H5 ( / N)C2H5 

INaOC2H5 

/ ^ \ NaOC2H5 /> 

JcH3I 

-N(CH3)J 

P 
O^ N)C2H5 

I 

P 
O 7 N)C2H5 

Both the bromide and the dimethylamino compounds 
are oils, and although the structures are reasonable 
on the basis of spectral evidence neither has been ob­
tained pure. The quaternary ammonium iodide, 
crystallized from ethanol-acetone, melts sharply at 
141-141.5°. Anal. Calcd. for C 9H 1 9 INO 2P: C, 32.(35; 
H, 5.78; I, 38.33; N, 4.23; P, 9.36. Found: C, 
32.73; H, 5.87; 1,38.40; N, 4.27; P, 9.35. The iodide 
was converted in solution to the corresponding chloride 
by shaking in water with silver chloride; the resulting 
salt has an extinction coefficient of less than 2 above 
240 ITi(U. When the quaternary ammonium salt in 
0.0018-0.00046 .1/ solution in ethanol is treated with 
sodium ethoxide (0.01 to 0.0017 M), it reacts at 25° 
to produce a compound to which the structure I has 
been assigned; Xmax 293 rnu (e 1050); the rate con­
s tant for the elimination is roughly K)- l./mole sec. 
Compound I (identified by ultraviolet absorption and 
rate of dimerization) may also be prepared from the 
bromide, although here the approximate rate constant 
for its formation is only 3 l./mole sec. In ethanol, I 
undergoes a second-order reaction, with a rate constant 
at 25° of 0.55 1. 'mole sec , and concomitant disappear­
ance of the absorption at 293 m/z. The rate of the di­
merization is about the same in the presence of added 
potassium iodide, trimethylamine, acetic acid, or excess 
sodium ethoxide, although the reaction product decom­
poses in the presence of this last reagent. The phos-
phinate ester, I, is presumably saponified by aqueous 
alcoholic sodium hydroxide. The ultraviolet maximum 
of the product is shifted to 288 my., and the optical den-

(D This research was suppor t ed by the Nat iona l Science F o u n d a t i o n 
under G r a n t Xo. OP-2098 . 

'2) A n u m b e r of subs t i t u t ed 1-phenylphospholes h a v e previously been 
repor t ed , bu t are relat ively un reac t ive : E. C. Leav i t t . T A. Manue l , and I7. 
J ohnson . J. Am. Chem. Snc. 81 , 3163 (I1JoH): K. H. Braye and W. Hiibel. 
C t M . I nil. (London) . 12,">0 (19")!)); A. W. Johnson and J. C. T e b b y , J. 
Chem. Soc. 2126 (1961); J. B. Hemir ickson , K. K. Spense r , and J. J. Sims. 
Tetrahedron Letters. 477 (1961); I. G. M. Campbe l l , K. C. Cookson , and M. 
B. Hockine, Chem. ImI. ' L o n d o n ) . 3o9 (1962); G. S. Reddy and C. D. Weis, 
J. Org. Chem.. 28 , 1822 ! 1963). 

i3) P re l iminary repor t s describe three 1-phenylphosphole 1-oxides 
see R. L. Donad io . Dissertation Abstr.. 20, 49.") (1959); Iv H o w a r d and 
R. K. Donad io , Abs t r ac t s , 136th Nat iona l Mee t ing of t he American Chemical 
Society, At lan t i c Ci ty , N. J., Sept . . 1959, p. 100P. 

!4) V. Hasserodt , K. Hunger , and F. Kor t e , Tetrahedron. 19, 1 d63 (1963). 

sity decreases more slowly; apparently the anion di­
merizes less readily than the ester. With a 50-fold or 
100-fold excess of cyclopentadiene in ethanol at 25°, I 
reacts with a second-order rate constant of approximately 
0.05 1. mole sec. to produce the Diels-Alder adduct, II. 
This compound has been purified by column chromatog­
raphy over Woelm grade 1 alumina with elution by 
chloroform, followed by molecular distillation. Anal. 
Calcd. for C11H15O2P: C, (S2.84; H, 7,19; P1 14.74. 
Found: C, (S2.50; H, 7.45; P, 14.48. Principal infrared 
absorptions occur at 3.22 (shoulder), 3.32, (S.32, 7.50,8.22 
(broad), 9,65 (broad), 10.52 (broad), 11.72, 11.99, and 
13.21 (broad) p. The complicated n.m.r. spectrum of II 
is consistent with the structure assigned, although 
the stereochemistry is uncertain. 

OC2H5 

1-Ethoxyphosphole 1-oxide is similar in its absorption 
spectrum to thiophene dioxide," (Xmax 289 mn (e 
1230)), but is even more reactive than the lat ter . Re­
search is continuing with the objective (among others) 
of preparing phosphinate esters with phosphorus at a 
bridge position of bicyclic systems. 

(.">} W. J. Bailey and E. W. C u m m i n s , J. Am. Chem. Soc, 76, 1932 ( IHM). 
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Aliphatic Cyanates 
Sir: 

We wish to report the first synthesis of aliphatic 
cyana t e s , M a 

Reasonably stable cyanates, R — 0 — C = N , can be 
prepared if (1) the aliphatic group, R, is sufficiently 
bulky to prevent facile trimerization, and (2) the car-
boniuniion, R + . is of sufficiently high energy to minimize 
solvolysis (and rearrangement) of the cyanate under 
the conditions of synthesis. 

Thus l,4-dihydroxybicyclo[2.2.2]octane, 3-ethoxy-
2,2,4,4-tetramethylcyclobutan-l-ol, or neopentyl alco­
hol, when treated successively with sodium hydride 
(or butyllithium) and cyanogen chloride, yielded the 
corresponding cyanates I (41%, m.p. 155-150°), II 
(30%. b.p. 63° "(0.1 mm.)), and II I (4.4%,, b.p. 123° 
(185 mm.)).2 

OCN 

CH3 

OCN 
I 
CH2 
I 

- C-CH3 
I 

CH3 

III 

l l ) T h e syntheses of several a r o m a t i c cyana t e s have recent ly been re 
po r t ed : (a) R. St roh and H. Oerber , A n gene Chem.. 72, 1000 ( I960) ; (b) 
M. Hedaya t l l l l ah and L. l lenivelle Cnmhl. rend.. 256, 4029 (1963) , (C) 1). 
Mar t in , A ni;e;e. Chem. Intern. Ha. Ens!.. 3, 31 1 ( KMt). 

( Ia! N'oiK ADOKI) IN P R O O F . -K A. Jensen and A. Holm, Ai til Chem 
Sc,tin!. 18, 826 (1964), report the p r epa ra t i on of ethyl c y a n a t e . 

(2) Sat is factory elemental analyses and n.m.r . spec t ra for all new com 
pounds were ob ta ined . 


